Equipment. A refrigerated (0 to 4 C) centrifuge and a Spinco preparative ultracentrifuge (0 to 4 C) with a no. 40 head were used. Spectrophotometric determinations were made at room temperature by using a Zeiss PMQ II recording spectrophotometer with silica cuvettes (3.0 ml capacity) and a 1.0-cm light path. Culture density measurements were made with a Klett-Summerson colorimeter (no. 54 filter). Total cell counts were made in a Petroff-Hausser counting chamber with a phase-contrast microscope. A Bronwill respirometer was used for the manometric determinations. An MSE ultrasonic disintegrator (20 kc, 60 w maximum output; Measuring & Scientific Equipment Ltd., London) and a Mini-Mill (Gifford-Wood Co., Hudson, N.Y.) 
From a biochemical point of view, the fruiting myxobacteria are poorly defined. Although Myxococcus xanthus has been the subject of an increasing number of physiological studies, there have been only a few brief reports on its intermediary metabolism (9; B. F. Watson Equipment. A refrigerated (0 to 4 C) centrifuge and a Spinco preparative ultracentrifuge (0 to 4 C) with a no. 40 head were used. Spectrophotometric determinations were made at room temperature by using a Zeiss PMQ II recording spectrophotometer with silica cuvettes (3.0 ml capacity) and a 1.0-cm light path. Culture density measurements were made with a Klett-Summerson colorimeter (no. 54 filter). Total cell counts were made in a Petroff-Hausser counting chamber with a phase-contrast microscope. A Bronwill respirometer was used for the manometric determinations. An MSE ultrasonic disintegrator (20 kc, 60 w maximum output; Measuring & Scientific Equipment Ltd., London) and a Mini-Mill (Gifford-Wood Co., Hudson, N.Y.) were used for cell disruption. Superbrite glass beads (85 pum) were obtained from Minnesota Mining & Manufacturing Co., St. Paul, Minn., and were acid washed before use. A gyratory shaker (New Brunswick Scientitic Co., New Brunswick, N.J.) was used for cell cultivation.
Cultivation techniques. Vegetative cells of M. xanthus FB were maintained by daily transfer in a medium (CT) composed of 2% Casitone (Difco), 0.01 M potassium phosphate buffer (pH 7.6), and 0.008 M MgSO4, dispensed in 40-ml quantities in 250-nil Erlenmeyer flasks. Incubation was at 30 to 31 C with rotary shaking. For M tris(hydroxymethyl)aminomethane (Tris) buffer (pH 7.6), and suspended in 40 to 50 ml of the same buffer. After a cell count was made, the cell suspensions were slurried with 70 ml of glass beads in a stainless-steel Mini-Mill cup and milled for 20 min at the highest Mini-Mill speed. The glass beads were allowed to settle and the supematant fluid was decanted. The decanted suspension was then subjected for 1.5 min to the maximum output of the ultrasonic disintegrator, after which time microscopic examination revealed complete cell disruption. Milling with glass beads was not sufficient for complete fragmentation of microcysts but, when this was followed by sonic vibration, only cellular debris remained. Accordingly, both vegetative cells and microcysts were disrupted in this fashion. Large cell debris was removed by centrifugation at 12,000 X g for 20 min. The supernatant fluid was decanted and used immediately for enzyme assays or was stored at -10 C. For some enzyme assays, the 12,000 X g supematant fluid was centrifuged at 104,000 X g for 90 min, and the resulting supernatant fluid was used as cell-free extract. The 104,000 X g pellet was suspended in Tris buffer (pH 7.6) and used for particulate enzyme assays. Assays were usually performed within 1 week after preparation of the crude extract. Protein was determined by the method of Lowry et al. (17) with bovine serum albumin as standard.
Chemicals. All reagents used in enzyme assays were the highest quality available. All inorganic chemicals were reagent grade quality. Succinate and acetate-1,2-'4C were purchased from Calbiochem, Los Angeles, Calif. Unifonnly labeled "4C-D-glucose, uniformly labeled "4C-starch, and uniformly labeled "4C-glycogen were purchased from Intemational Chemical and Nuclear Corp., Burbank, Calif.
Enzyme assays. Initial reaction rates were found to be proportional to the amount of protein in the cell-free extracts and were linear for several minutes. (21) in which dichlorophenol indophenol reduction is followed spectrophotometrically at 600 m,u. The assay mixture contained: phosphate buffer (pH 7.0), 100 ,umoles; MgCl2, 20 and water to 1.0 ml. Citrate was determined by the method of Stern (22) . A unit of enzyme activity was defined as the amount of cell-free extract which caused the accumulation of 1 ,umole of citrate per min.
Two different assay methods were used for hexokinase (ATP:D-hexose-6-phosphotransferase, EC 2.7.1.1.) activity. The first was the photometric method described by Darrow and Colowick (7). The reaction mixture contained: 0.001% cresol red; adenosine-5'-triphosphate (ATP), 12 jAmoles; MgC12, 20 ,umoles; glycylglycine buffer (pH 9.0), 30 ,umoles; glucose, 50 ,umoles; cell-free extract (1 to 2 mg of protein); water to 3.0 ml. The glucose was added last and the optical density was followed at 560 nm. The second method depends on the rate of NADP reduction when glucose-6-phosphate dehydrogenase is used as a coupled indicator enzyme (10) . The reaction mixture contained: Tris (pH 7.6), 150 ,moles; MgCl2, 10 ,moles; glucose, 3 ,Amoles; ATP, 6 umoles; glucose-6-phosphate dehydrogenase, 1 ,ug; cell-free extract (1 to 2 mg of protein); water to 3.0 ml. The NADP was added last and the reaction was followed at 340 nm.
Glucose-6-phosphate dehydrogenase (D-glucose-6-phosphate:NADP oxidoreductase, EC 1.1.1.49) activity was measured by following NADP reduction (16) . The enzyme reaction mixture contained: Tris buffer (pH 7.6), 150 ,umoles; MnCl2, 5 iAmoles; glucose-6-phosphate, 7 ,umoles; NADP, 1 ,Amole; cell-free extract (1 to 2 mg of protein); water to 3.0 ml.
The 6-phosphogluconate dehydrogenase [6-phospho-D-gluconate:NADP oxidoreductase (decarboxylating), EC 1.1.1.44] activity was determined by the procedure outlined by Horecker and Smyrniotis (13) . It differed from the preceding assay in that 6-phosphogluconate replaced glucose-6-phosphate. The reaction mixture consisted of: Tris (pH 7.6), 150 ,umoles; MnCl2, 5 ,umoles; 6-phosphogluconate, 10 Mmoles; NADP, 1 ,umole; cell-free extract (1 to 2 mg of protein); water to 3.0 ml.
The activity of phosphoglucoisomerase (D-glucose-6-phosphate ketol-isomerase, EC 5.3.1.9) was measured by the procedure of Cooper et al. (6) , which couples the production of fructose-6-phosphate with glucose-6-phosphate dehydrogenase. The reaction mixture had the following composition: Tris (pH 7.6), 150 ,umoles; MnCl2, 5 Fructose diphosphatase (D-fructose-1 , 6-diP 1-phosphohydrolase, EC 3.1.3.11) activity was assayed for by a coupled enzyme system (11) . The reaction mixture contained the following: Tris (pH 8.0), 150 ,umoles; MgCl2, 15 gmoles; excess phosphoglucoisomerase and glucose-6-phosphate dehydrogenase; NADP, 1 ,umole cell-free extract (1 to 2 mg of protein); fructosediphosphate, 1 ,umole; water to 3.0 ml.
Fructosediphosphate aldolase (D-fructosediphosphate aldolase EC 7.1.2.7) activity was determined according to the procedure of Beck (2) . The reaction mixture was composed of the following: Tris (pH 8.6), 100 Amoles; hydrazine (pH 8.6), 140 jAmoles; fructosediphosphate, 12.5 ,umoles; cell-free extract (1 to 2 mg of protein); water to 2.5 ml. After 15 min at 30 C, the reaction was terminated with 2 ml of 10% trichloroacetic acid. Specific activity was calculated by using 34.5 as the ,umolar extinction coefficient of the chromogenic material as determined by Beck (2) .
Glyceraldehyde Table 1 . To reduce the endogenous respiration prior to measuring respiratory activity, vegetative cells were incubated for 3 hr in 0.01 M phosphate buffer (pH 7.6) containing 0.008 M MgSO4. In the case of the microcysts it was necessary to add glycerol (0.05 M) to the mixture to prevent germination. Although the incubation did reduce the endogenous rate of oxygen uptake of the vegetative cells by one half, the net rates of substrate oxidation by the vegetative cells were the same with or without the additional incubation. The effect of omitting the starvation period was not determined for the microcysts.
The oxygen uptake by vegetative cells was markedly stimulated by acetate (0.01 M) without a lag period. In the case of 6-hr microcysts, acetate caused a small but definite stimulation of oxygen uptake. Of the other intermediates, succinate, fumarate, and oxalacetate resulted in a slight oxygen uptake by vegetative ceUs. Microcysts showed no detectable 02 uptake on these substrates. These data should be compared to the Qo, of 12.0 for vegetative cells and 0 for microcysts, with 2% Casitone as substrate (9) .
4C-acetate uptake studies. The results with resting suspensions of vegetative cells and 6-hr microcysts indicated that, although 'IC-acetate was oxidized and 14C was incorporated into both cell types, the microcysts metabolized acetate at only 40% of the rate of vegetative cells (Table 2) . Figure 1 imustrates the distribution of label from 14C-acetate among the various fractions of acetic acid-soluble fraction contained low, although almost equal, percentages of 14C for both cell types at the end of 90 min. This was also true for the residual protein fraction.
Chromatograms of the hydrolyzed residual protein fraction from both cell types revealed that radioactivity was incorporated almost exclusively into glutamic acid, aspartic acid, and proline. Although the 14C in these three amino acids was not accurately quantitated, glutamic acid appeared to contain 50 to 60% of 14C in protein, aspartic acid about 35%, and proline the remainder.
Citric acid cycle activities. The levels of five citric acid cycle enzymes in extracts of vegetative cells and microcysts are presented in Table 3 . The remaining enzymes of the cycle were not determined. The data suggest the presence of a complete citric acid cycle in both types of cells. With the exception of isocitrate dehydrogenase which is present in microcysts at a level five times that in vegetative cells, the activities on a per-cell basis are essentially the same. lytic activities were present in both vegetative cells and microcysts, we could not demonstrate hexokinase or pyruvate kinase in either type of cell (Table 4) . When crude extracts of microcysts or vegetative cells were added to a commercial hexokinase preparation, there was no diminution of activity. Furthermore, extracts prepared from vegetative cells grown in CT medium plus 0.1% glucose showed no hexokinase activity. There was likewise no diminution in the activity of commercial pyruvate kinase when mixed with crude extracts from either type of cell.
The following glycolytic activities were not tested: triose phosphate isomerase, phosphoglycerate kinase, phosphoglyceromutase, and enolase.
It should be noted that both phosphofructokinase and fructose-1,6-diphosphatase activities were present in vegetative cells and microcysts, suggesting that both types of cells are capable of glycolytic and gluconeogenic activity. Pentose phosphate activities. Glucose-6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase activities were present in microcysts and vegetative cell extracts (Table 5) . No other pentose phosphate cycle activities were determined.
Polysaccharide biosynthesis. Phosphoglucomutase and UDPG pyrophosphorylase activities were present in extracts of both types of cells (Table 6) .
Incorporation of carbohydrates. In none of the published reports on the utilization of carbohydrates by myxobacteria have the results demonstrated assimilation of the test material. The study by Loebeck and Klein (16) indicated that for certain '4C-labeled test substances a considerable percentage of the 14C input counts could be recovered as I'CO2. However, the intracellular presence or distribution of 1C was not determined. In this section, the results on the intracellular distribution of M. xanthus of 'IC from starch, glucose, and glycogen are presented.
Vegetative cells growing in 2%c CT medium to which uniformly labeled 'IC-starch, 'IC-glucose, or 'IC-glycogen had been added exhibited very little ability to assimilate the "C. Thus, when 10 ,uc (84 jig) of uniformly labeled "4C-starch surprising is the absence of hexokinase. Since the acquisition of this enzyme (and also presumably of a glucose permease) would enable the organism to expand its nutritional capabilities enormously, it is difficult to understand, from an evolutionary point of view, why this has not occurred. It suggests the possibility of a positive advantage for excluding glucose from the cell. This becomes plausible if, for example, control of gluconeogenesis would be upset by the presence in the cell of high concentrations of the product of hexokinase activity.
The activities of the two enzymes of the pentose phosphate pathway which we tested were low, but present. We made no attempt to assess the relative contribution of this pathway to the general flow of carbon.
The presence of phosphoglucomutase and UDPG pyrophosphorylase indicates that at least the first two enzymes in one pathway leading to polysaccharide biosynthesis are present. The requirements for structural polysaccharides are obvious, but in the case of the myxobacteria, the requirement is exaggerated by the synthesis of large amounts of extracellular slime. This material is probably involved both in the peculiar gliding motility and in fruiting body formation. The vegetative cell slime has been shown to consist primarily of polysaccharide in M. xanthus (J. G. Holt, Ph.D. Thesis, Purdue Univ., Lafayette, Ind., 1960) and Chondrococcus columnaris (14) .
Although both vegetative cells and microcysts were closely similar in terms of their carbohydrate and citric acid cycle enzymes, their ability to metabolize acetate showed striking differences. The microcysts metabolized acetate at about 40% of the rate manifested by resting vegetative cells. That this was not solely a reflection of an overall decrease in permeability to acetate is indicated by the lack of a proportional decrease of label in all the fractions of the microcyst. For example, 70% of the reduction in uptake by microcysts was accounted for by a decrease in oxidation of acetate to CO2. On the other hand, of the label incorporated, 11% was in the cold trichloroacetic acid-soluble fraction of vegetative cells compared to 55% in microcysts. The differences, then, between the vegetative cell and the microcyst with regard to acetate metabolism include: (i) a decrease in the overall rate of metabolism of acetate; (ii) a disproportionate reduction in the rate of oxidation of acetate to CO2 by the microcyst; (iii) a redistribution of incorporated acetate among the various cell fractions.
Two qualifications are necessary. First, the per-cell enzyme activities obtained by examining crude extracts may not accurately reflect the situation in vivo. Second, the properties of 6-hrold glycerol-induced microcysts are certainly different, at least quantitatively, from those of mature microcysts found in fruiting bodies. To the extent, however, that one can deduce the properties of bona fide fruiting body microcysts from those of glycerol-induced microcysts, one may conclude that, with the possible exception of patterns of polymer biosynthesis, there is no evidence for an extensive reorganization of carbohydrate and citric acid cycle metabolism during microcyst formation. This is consistent with an earlier conclusion (9) , wherein a comparison of vegetative cells and fruiting body microcysts indicated substantial spectral and functional similarity of the terminal electron transport systems. Perhaps more meaningful, however, is the response of the cells to an exogenous substrate, which in the case of acetate showed a clear reduction in the metabolic rate of the microcysts. It is quite probable that this reduction in the metabolic rate of microcysts would continue as the microcysts aged, reaching a much lower level than was demonstrated here with 6-hr-old microcysts. This would be consistent with earlier data (9) which showed that microcysts obtained from fruiting bodies had a Qo2 of 0 on Casitone.
